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This report provides the results of iBiquity’s recent test program designed to assess the
benefits and potential implications of an increase in the digital power used in the FM HD Radio
system. This test program demonstrated a 10 dB increase in digital power will provide
broadcasters and the listening public with even greater coverage of HD Radio broadcasts without
a meaningful increase in the risk of interference to adjacent channel analog broadcasts in the vast
majority of cases. iBiquity recommends industry support for an increase in digital power to
enhance the ability of FM stations to offer listeners the benefits of digital broadcasting.

1. Backgound

The HD Radio system allows broadcasters to upgrade to digital AM and FM broadcasting
without the need for additional spectrum and without causing harmful interference to co- and
adjacent channel stations. More than 1,650 stations currently offer digital broadcasts using
iBiquity’s HD Radio technology. These digital broadcasts reach all 50 states. More than 800 of
these stations offer multicast programming. Since the introduction of experimental HD Radio
broadcasts almost ten years ago and the commencement of widespread commercial service in
2002, there have been virtual no reports of harmful interference from HD Radio broadcasts to
existing analog FM programming.

Existing FM HD Radio broadcasts set the digital power level 20 dB below the analog
power of the station. Extensive laboratory and field testing of the HD Radio system conducted
several years ago under the auspices of the National Radio Systems Committee (NRSC)
demonstrated that the HD Radio system operating with this digital power level provides good
digital coverage along with excellent protection of existing analog services. Real world
experience with the HD Radio system operating on commercial radio stations has demonstrated
the system’s ability to provide coverage to a station’s protected service area in most cases.
However, the system has not been able to deliver digital coverage that fully replicates existing
analog coverage on all stations. With the proliferation of digital broadcasts throughout the
country, broadcasters have become comfortable that the introduction of digital broadcasting does
not present a credible risk of harmful interference to existing analog broadcasting. As a result,
broadcasters are seeking an increase in digital power levels to enhance digital coverage,
recognizing an increase of this nature will not create a substantial risk of interference to analog
operations.

2. Overview of Test Program

The test program summarized in this report was designed to assess the impact of a 10 dB
increase in digital power. The program was divided into two segments. The first half of the test
program analyzed the extent of digital coverage at the higher power level. The tests compared
digital coverage at existing digital power levels 20 dB below analog power with digital
broadcasts at 10 dB below analog power. This represents a 10 dB increase in digital power
relative to a station’s existing analog power levels. The second portion of the test program was
designed to assess the compatibility of this higher digital power level with analog operations on
first adjacent stations.



Three geographic areas were selected for the test program: (i) New
York/Connecticut/Rhode Island; (ii) Detroit and (iii) Los Angeles/San Diego/Santa Barbara. The
first region provided an opportunity to study coverage and compatibility issues in an area
characterized by varied terrain (rolling hills, water, etc.), multipath interference and closely
spaced stations. The Detroit area is characterized by flat terrain and extensive analog coverage.
The Southern California region afforded the opportunity to study the power increase in an area
with terrain obstructions and high power analog operations. In each case, an existing HD Radio
station in the market was selected to increase its digital power to 10 dB below the analog power.
A series of coverage tests were conducted. Audio samples of analog audio on first adjacent
stations were collected for later subjective evaluation to determine the compatibility of the higher
power digital broadcasts with existing analog operations. Additional coverage tests were
conducted in New Jersey focused specifically on Class A stations.

For the coverage tests, a series of radials were run from each station at the existing digital
power level and at the higher digital power level. From these tests, maps were produced
showing existing digital coverage in each market and the digital coverage attained at the higher
power level. Detailed results are presented below and in Appendix B.

The compatibility test program commenced with the recording of analog audio from first
adjacent FM stations with the host station power level set at the existing - 20 db power level and
at the higher - 10 db power level. The analog audio samples were submitted for subjective
evaluation to determine whether the increase in digital power of the host station had a harmful
impact on the listening experience for adjacent channel analog operations. The detailed results
presented below and in Appendix C demonstrate that in the vast majority of cases, the increase in
digital power will not create a meaningful increase in the risk of interference to analog
broadcasts.

3. Coverage Results

In all cases, the increased digital power level significantly improved digital coverage. In
the Northeast and in Southern California the power increase resulted in an extension of digital
coverage by approximately 25%. In Detroit, the flat terrain resulted in a 33% increase in the
distance covered by the digital signal. Figure 1 below shows the results for the Detroit market.
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Figure 1 - WDHA Performance




outs in previously shadowed or problematic areas.

In all cases, the increased digital power resulted in a noticeable reduction in digital drop

In the case of Hartford, Connecticut and

Ontario, California, the higher digital power level allowed the host stations to provide reliable
coverage in these important markets that were not receiving adequate digital service. The results
in Hartford, Connecticut showing the improved coverage at higher power are shown in Figure 2.
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Figure 2 - WKCI Performance in Hartford, Connecticut

Similar results can be seen from the California coverage tests illustrated in Figures 3 and 4.
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Figure 4 - KOST Performance @ -10 dBc

The Class A coverage tests conducted using two stations in New Jersey demonstrated the
significant benefit this power increase will provide for these lower power stations. Due to the
lower analog power of these stations, digital operations at the — 20 dB power level can fall below
the overall noise floor. In those cases, digital coverage may be limited. At — 10 dB, these
stations experienced a dramatic increase in digital coverage. As is explained in greater detail in
Appendix B, for WRAT, there was a 67% increase in overall digital coverage. For WJRZ,
overall coverage area increased by 100%.

Detailed maps and complete coverage information comparing existing and higher power
levels can be found in Appendix B.

4. Compatibility Results

The compatibility tests were structured to compare the impact of digital operations at
existing - 20 db digital power levels and the proposed -10 dB digital power level. In both cases,
the tests were designed to assess the impact of the digital signal at a particular power level on
existing analog broadcasts. The test program was used to determine whether the use of the
higher — 10 dB digital power would create meaningful new risk of interference for existing
analog operations.



The test program was conducted in two phases. In the first phase, analog audio was
collected with a digital broadcast operating at the existing — 20 dB power level and then with the
same station operating at the higher — 10 dB power level. In both cases, the analog audio was
collected from first adjacent stations that would be viewed as most at risk of interference from
the digital signal. At each power level audio was collected at (i) approximately +6 dB D/U ratio
representing the protected contour of the desired analog station and (ii) approximately 0 dB D/U
ratio representing an area outside the station’s protected contour and at the edge of reliable
analog reception. Either identical or similar programming was broadcast at the two power levels
to facilitate comparison of the impact of the digital signals. In the second phase, the audio
samples were sent to Salisbury University for formal subjective evaluation of the audio using
general population listeners. A detailed explanation of the audio collection procedures and the
stations used for the compatibility testing can be found in Appendix A. A complete report on the
subjective evaluation methodology and the results of the subjective evaluation can be found in
Appendix C.

The subjective evaluation program established that in the vast majority of circumstances,
the increase in digital power will not result in a meaningful increase in the potential for harmful
digital to analog interference.

The test program examined a variety of common station configurations. Audio was
recorded from four interference scenarios. In the first test scenario, a Class B digital interferer
was measured against a Class B desired analog signal. In the second scenario, the impact of a
Class B digital interferer was measured in a short-spaced situation against a Class B desired
analog signal. “Short-spaced” refers to the lack of appropriate geographic separation. The
coverage areas of the adjacent channel stations may overlap or one station’s coverage area may
be within the coverage area of another station. In the third scenario, a Class “Super B” digital
interferer was measured against a Class “Super B” desired analog signal. Finally, in the fourth
scenario a Class “Super B” digital interferer was measured against a Class B desired analog
signal. Table 1 lists the conditions recorded for use in subjective testing:

Condition Host (digital )Station | 1° Adjacent (analog) Station
“B” to “B” WKCI WWBB and WCBS

“B” to “B” Short Spaced WCSX WXKR

“Super B” to “B” KOST KSCF

“Super B” to “Super B” KOST KVYB

Table 1: Conditions used in subjective testing

In each condition, audio recordings were made using six commercially available radio
receivers representing typical market segments. Table 2 lists the receivers used.



Receiver Model No. Market Segment

Bose AWR1B2 Table top

Delphi 28061577 Automobile OEM

JVC KD-HDR1 HD Radio receiver (analog
only)

Onkyo TX-SR504 Home

Pioneer DEH-1800 Automobile

Tivoli Model 2 Table top

4.1 Compatibility at the Protected Contour

Figure 5 shows the overall results at the station protected contour.
contour participants rated -10 dB and -20 dB similarly in B to B, Super B to B and Super B to
Super B. In B to B short spaced, participants rated music, speech and voiceover higher at -20
dB. As would be expected the largest difference is seen in speech, where background noise can
be both heard most clearly and interferes most directly with intelligibility. From these results it
can be predicted that in the majority of cases listeners of adjacent channel analog stations would
not experience a meaningful impact from the increase in digital power. In the case of the short
spaced stations where the analog station broadcasts a speech or voiceover format, the increase in

Table 2: Receivers used for subjective testing

adjacent channel digital power may increase the potential impact on the analog broadcast.

At the protected
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B to B Short Spaced

BtoB
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2.83

3.42
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3.18

H-10 2.57 1.46

2.19

3.19

3.84

3.95

3.70

3.60

4.12

2.89

2.92

Figure 5: All scenarios at +6 dB D/U

In order to provide some greater clarity about the significance of any drop in MOS score,
the test program also asked listeners to comment on whether or not they would continue listening
to this broadcast. Figure 6 shows the percentage of people who would continue listening to the
program material, given the audio quality. The patterns between MOS and participant listening
percentages are highly correlated, as would be predicted. At an MOS level of 3.5 approximately
80% of all listeners say they would continue to listening. At an MOS level of 3.0 the percentage
drops to between 60% and 70%. Since listeners rarely use the extremes of the MOS scale (in
this case 0 and 5) it is understandable that at an MOS of 4.1, 97% of listeners report that they
would continue to listen to the broadcast. Taken together, Figures 5and 6 indicate that the B to B
short spaced scenario presents the only situation where the increased digital power has any
potential to increase the impact on analog operations.

10




100%

rB B
B to B Short Space BtoB Super B to Super B to Super B
90% 1 _I
80% -
60% - — —
50% - -
40% -
30% - — —
20% -
10% - 1 — —
0% . - " - n - " -
Music Speech | VoiceOver Music Speech | VoiceOver Music Speech | VoiceOver Music VoiceOver
0-20 0.72 0.48 0.66 0.75 0.58 0.79 0.90 0.94 0.87 0.62 0.67
B-10 0.57 0.24 0.42 0.68 0.83 0.85 0.89 0.89 0.97 0.57 0.57

Figure 6: All scenarios at D/U +6
Percentage of participants continuing to listen

It is important to consider the relevance of the B to B short space results to the overall
radio listening experience. The stations selected for these tests represent particularly challenging
scenarios that would not be typical of most listening situations. As Table 3 below illustrates, the

short spaced scenarios involved particularly severe short spacing that presented particularly
challenging environments.

11
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In the case of WKCI’s impact on WPDH, the stations have only 57% of normal Class B
spacing. Only one scenario in Table 3 involves spacing exceeding 71% of normal. Moreover,
because none of these test stations other than WXKR uses directional antennas, these results do
not take into account in a meaningful way the mitigating impact of directional antennas. If the
digital interferer had a directional antenna to minimize the amount of energy broadcast in the
direction of the short spacing, the majority of the interference would be expected to be mitigated.
As Figure 7 illustrates, approximately 75% of Class B stations with one Class B interferer are
fully spaced. Only 10% of Class B stations with one Class B interferer have a short spacing
situation with less than 80% of normal spacing as was the case with the majority of the test

stations.

Table 3 - Spacing of B-to-B Test Stations

12




Percent of
Nominal Spacing
(164 kM)

O Short Spcd 40% to 49%
B Short Spcd 50% to 59%
5.7% O Short Spcd 60% to 69%
OShort Sped 70% to 79%
B Short Spcd 80% to 89%
O Short Spcd 90% to 99%
M Fully Spaced 100% Plus

Class B Stations
with
1 Short Spaced
Class B interferer
NDA Only

Figure 7 - Class B Stations with 1 Class B Interferer and Nondirectional Antennas

In the case of multiple short spaced Class B interferers, Figure 8 shows nationally there
are even fewer instances of severe spacing problems that might increase the risk of digital to
analog interference.

13



Percent of
Nominal Spacing
(164 kM)

O Short Spcd 40% to 49%
B Short Spcd 50% to 59%
O Short Spcd 60% to 69%
O Short Spcd 70% to 79%
B Short Spcd 80% to 89%
O Short Spcd 90% to 99%
M Fully Spaced 100% Plus

Class B Stations
with
2 Short Spaced
Class B interferers

NDA Only

93.6%
Figure 8 - Class B Stations with 2 Class B Interferers and Nondirectional Antennas

Of the sixty-six stations in this category with nondirectional antennas, fifty-one stations
have at least 80% of normal spacing and all but five of those stations have more than 70% of
normal spacing. Appendix D contains a detailed report on the spacing of Class B and Super B
stations. Thus, it can be assumed that few FM stations in the country with a speech format
would have the severe short spacing environment used in these tests. The vast majority of
stations have a music format that would mask digital interference and would lack the short
spacing associated with interference.

Any analysis of the results also must consider the geographic likelihood of encountering

the interference scenario tested. As Figure 9 illustrates, the desired to undesired ratios tested
would only occur in a narrow band between the desired and undesired stations.

14
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Figure 9 - WCSX to WMMQ

In this case, the area of potential interference for WCSX to WMMQ occurs in a narrow
band where the station contours overlap. The vast majority of WMMQ’s listening area would be
unaffected by the WCSX signal. Figure 10 illustrates a similar scenario for the impact of WKCI
to WCBS
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Black = WCBS@54 dBu F50/50  Green = WKCI@48dBu F50/10  Red = WCBS/WKCI DU =010 +10 dB

|

'?E,;.:}-F._-- S M"'"bam‘s'f' g, o _E‘}lmme";- | Fasrcomal  F oo to""“”’*f\\snpcomev Easn_-gmom 723 Eaglevm*-‘gmns 'fEhapT 4
60 +jadt -.‘_E mﬁm“"ﬁanonks@ - ) "M“k tm,es - ceomia TRorth Kent East Litchficef= .E:ialwmmn |Hanfm+ Foion Fianchester ovent wham’ R etson
e m:; L i S ; awtﬂ o 551; NN T it e S
; EIIechU?. 'Spaul P vmc\uve\- o 5 ensted Comer thersfie \n Buckingham olumbia Milimantic +Wes‘mm
50 ol C % '. Eullandg '*ﬂ?umh Kem"r'vewp esmnM?- '*6 Jp;mn'*énsml il tomhslam"bmy'*éueau e AN Founwpran +
. SV"FWBS#“-QM Hetnehem )q?olles

Hanover Clay

P\e anRidge +
s gvdscmne Rensing(Om o rich Heights Farborough ok Hevangn + 4_.
T vasond g oo er ;,;tz.n Batic |
i, h Weuswu Rakvile leott ) Ao thington

40 4 e :
Rigwmitora +
ﬁ =F tG'N ot irdkown oy bt FoanaB_Ersipon o Toanaap | Frue
Caftigwood Por freh Cloves o odhyey Fiopevilewiile . Mefiden Wopguiog +
30 %" platts il Middiefield g, + Herycomer - Nonich
Knollcres! iCheshire T racy Fiiggapum Moodus *. o
otc " outhbur augatuck Durham lem  Poquetanuck! " 1 1V11®
Hees :,.?eu isfild wCorhers Cedar vy +,, Shalleryiid™ |, Crowley Comen ;
i 4" innipiaggWalingford coudEmens e
n,yma,*_mh Hope - Vg flage - 4o Little Cit s 4
20 ' Bine Bridge WK CI-FM + chgserk, e + Oncasville
7 sh.wfa«ow LA Rockland £ Kingston uaker

am,y + eymour Farnden Horno
FDodg jngtown S(e'vensun &
AgerviFE o Glen North Guiford +

Riingibrin—esex Oswe! a«cne"ﬂewwnno
il Derby Ansoma t
5 iboe ‘th - P00t o ety s Pondmeadodd Hiaric Noani

Old Sagbrook
tepey New Haven Giants Neck

Pl
u."g . A e +
- > A . 7 X . 'Guilford Sountl View
tn.em . piog e ! WA 7N o S S T
e - ) 1‘%
G ”

uaker Hi
orcaers ‘MI“Sb.\Hg p-*[-’eep RIVE  Flander *#Iamsuns

Finers s

0 et SR "L W -i_f,ﬁ; IRyl TOrog0dte uthEnd Facrem Head |
B i M Moreenwoodlake %spemé i"“' d
papakaiing™ P! e*"“‘“"“i.: side ', + . 5 o g;' Fort Frambul
| o Kree '*ignmm kes soagbug Pagne rs '.I 4 y ?" ‘. Hcgupon Caurel Beach
10 Lfper Rﬂ: Fambay ) o, Hﬁ_ hvnﬂy Keky, E + ik Eastyoron Hrientpoin
prroefi6 Springs Utertown “7 reens Farms Sti
+ Rin +F nyack l
b‘_;:a %guensnmg podiie Stoiblown Marm#' Amont 45 1 # *e hrgoun i Arshamon%d. A ¢
20 e ;cn .'1‘_’"%" El rtake Wal?_que Fa_'g_a‘éﬁamsey "Eeavmwev E..-,‘,‘;?ﬂ,q i Peconie eyt sand tlrep\aceLodgeGl :E‘
Spart Lomgptes off st [sdmﬁ_ ite’ % -
iiton 53(- Val utchogue g =,
b odstock K'""S'O%f; onRiddgeo0d -ﬁt : '+55 Kleigh Qq‘rsdﬂ‘e Forcreser Roanolkg Landinggh. Maggu CdEN sm v -f-wy . orings Hapeague
g ompton Oufent, Milegplace é' Luce lﬂ"dmg o Suio! Panugst'
30 - + Northwood -tak Teleméne North Haledosair, + Cresskill (y1am amnec*Hamson -I‘:ng Eeazh Reeves Park j‘ roscHrove JAmagansett
Paramus Tidiowe, Crienta ‘Emwﬁe-{-nn onga \ " '°°k ':'- quebogae’ - “Jamesport 'i' K dgerampion
Qpaieond . gockaway Bognton + ‘onkers B ?— g Bort Jefferson Sta orth Sea
.;*' Wharto ¥ * Wes“,mm*_ aterson | o Feag NewRochele : @“F 'W”*‘ Rueead smh_?,_"pw,, “Fiecox
10 Mine Hil .’[-)nver Hackensac#‘ o muu\e\s\an anbreite “Oakvil "ﬁ s
N M. fampton Bays
oF West Caldvelp Verpn: yPafSﬂ‘C Fiiee o TS 'e"c“ ! | SauhMano . estgnoto
= "orisb Moris Peinef- wondi 4 piscery sonmabin A ) Gioma o grPron TEast Quogue
H +-brookslﬂe Flor z%f:af:'_ Yoo B o st o TGreat ok Nerchag- i VE& fo3 ; geteon M?"*Eeme Moriches Festhampton Beach
i 1 o al
50 oSt W endham Drang Eastoyaqge nign ¢ pouffesion Miggola '*ﬁmksvmer 't' ast Patchogue
Bernagdsville Chathar §ummd— k -ﬁroxm CBS M lanch
PeapacEgﬂ Vargtall, JTER F s Franki ipSauare Eevitiown
o Berkele_‘:{e\gms e Parksid ovaiie L Bayberry Dunes
t ort Jay + .
60 Far Hills 3’ "E 2 Locust Mangd Valey gtream pecn _— E fDavis Park
b et -*‘-’"es"‘e‘ e ?i-wn"e Hiatusn Hwel‘BayPﬂgf’“;T.S‘“e‘*- eeport 'fp,,,bo,e, e
f f t t f f f f
km 100 80 60 40 20 0 20 40 60 80 100

Figure 10 - WKCI to WCBS

Although the short spacing of these stations creates a potential for digital interference
within the WCBS protected contour, the area of potentially problematic desired to undesired
ratios is quite small compared to the overall WCBS coverage area.

Based on this overall analysis, it can be seen that the increase in digital power can be
implemented without a harmful impact in the vast majority of cases.

4.2 Results Outside the Protected Contour

Although areas outside the protected contour do not receive the same protection from
harmful interference, it is useful to consider the impact of additional digital power in these areas.
Figure 11 shows the overall MOS results at +0 dB D/U, representing listening beyond the analog
stations’ protected contour. In contrast to results found at +6 dB D/U, at +0 dB D/U participants
rated -10 and -20 similarly in B to B short spaced. However, in Super B to B, participants rated
speech and voiceover better at -20 than at -10. Due to the nature of the program material
collected in the field for the Super B to B condition, there were no music samples to analyze.
From these results it can be predicted that the only area with any potential increased impact on
analog operations at +0 dB D/U is the Super B to B scenario.
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All Scenarios: D/U +0

B to B Short Spaced BtoB SuperBto B

Super B to Super

Music Speech | VoiceOver Music Speech | VoiceOver Music Speech | VoiceOver Music VoiceOver
@-20 3.67 3.23 3.61 3.02 2.49 2.68 3.34 3.63 3.74 3.19
W-10 3.70 2.98 3.47 2.65 2.53 2.28 1.90 291 3.12 3.24

Figure 11: All Scenarios at +0 dB D/U

Figure 12 shows the percentage of people who would continue listening to the program, given
the audio quality. Again, the pattern between MOS and listening is highly correlated. The
listening data reinforces the conclusion that the only potential impact on listenership would occur
in the Super B to B scenario.
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All Scenarios: D/U +0
Percentage of listeners continuing to listen

100%

B to B Short Space BtoB Super B to B Super B to Super B
90%
80% -
70% ]
60%
50% -
40% ]
30% -
20% =
10% +— ]
0% . - - - - - . -
Music Speech | VoiceOver Music Speech | VoiceOver Music Speech | VoiceOver Music VoiceOver
0-20 0.82 0.64 0.80 0.66 0.59 0.60 0.71 0.75 0.87 0.71
W-10 0.81 0.57 0.78 0.62 0.60 0.55 0.26 0.57 0.70 0.73

Figure 12_: All scenarios at D/U +0

Percentage of participants continuing to listen

As with the results for the short spaced B to B interference inside the protected contour, it
is important to consider the significance of the results on typical listening situations. There are
only 114 Super B stations operating in the United States, representing a small fraction of the total
number of FM stations. More than half the Super B stations are located in California, further
minimizing the scope of any potential interference from Super B stations. In the tests conducted
in the Los Angeles area, KOST operated as the digital interferer to the desired analog signal from
KSCF. Figure 13 illustrates the location of these stations. Although KOST operates at a power
level that reaches well beyond its 54 dBu contour, the test location with the appropriate desired
to undesired ratio was outside the KSCF protected contour.
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Test Location e
: Ok

Key Key

54 dBu Protected Contour (F50/50) > 54 dBu Protected Contour (F50/50)
KVYB @ Super B Power (105 kW) O KSCF Slightly Above B Power (36 kW)
KOST @ Super B Power (12.5 kW) KOST @ Super B Power (105 kW)

O

54 dBu Protected Contour (F50/50) 54 dBu Protected Contour (F50/50)
O KVYB @ B Power (0.870 kW) KSCF @ B Power (25 kW)
KOST @ B Power (0.750 kW) KOST @ B Power (0.750 kW)

O

Figure 13 - KOST and KSCF Service Areas and Test Location

It is also important to note that KOST operates at a particularly high power level. It operates at
more than 12 dB over the normal Class B power level. This is typical of California Super B
stations, which operate on average at a much higher analog power than the Super B stations in
other parts of the country. Figure 14 illustrates the disproportionately high power of California
Super B stations such as KOST. The impact in other regions would be expected to be greatly
reduced due to the more moderate analog power levels of those stations.
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Super B Average Percent Over Power (By State)
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Figure 14 — Average Super B Power By State

Based on the small number of Super B stations and the limited geographic scope of those
stations, the impact of Super B stations on Class B stations should not preclude the
implementation of higher power digital broadcasts. Any potential increase in digital interference
from a Super B station can be addressed on a case-by-case basis.

5. Conclusions

These results present a comprehensive view of the benefits and potential implications of
an increase in digital power in the FM HD Radio system. The tests confirmed the proposed
increase in digital power results in a significant increase in digital coverage, thereby enabling
broadcasters to more accurately replicate their analog coverage area with reliable digital service.
At the same time, the subjective evaluation tests demonstrate the higher power can be
implemented without increasing the risk of impact to analog broadcasts in the vast majority of
cases. Any actual interference that may occur as a result of an increase in power can be
addressed by the stations or the FCC on a case-by-case basis.
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